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(57) Abstract 

A method of generating a gas commences by forming a solution in a reservoir. The solution is then fed through an electrolysis cell 
so as to liberate the gas from the solution. The mixture of the solution and gas discharged from the cell is heated by passing it through 
a heating tube. This causes it to self-circulate back to the reservoir by means of a thermosyphon effect. Finally, the liberated gas and 
the solution are passed through a gas separator to separate the gas from the solution prior to circulating the solution back to the reservoir. 
The gas generated by the method of the invention is typically a halogen, and in particular, chlorine, produced by the electrolysis of a brine 
solution. The apparatus of the invention is arranged for producing chlorine gas in accordance with the above method in a safe and effective 
manner without the need of costly circulation pumps. 
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METHOD AND APPARATUS FOR GENERATING A GAS 



BACKGROUND OF THE INVENTION 

THIS invention relates to a method and an apparatus for generating a gas. In 
particular the invention relates to a method and an apparatus for generating 
chlorine gas. 

Devices for generating chlorine gas are known. Some of the known devices 
generate chlorine by passing sodium chloride and water through an electrolysis 
cell. As the solution passes through the cell, chlorine gas is liberated from the 
solution on the anolyte side of the celh while hydrogen gas and caustic soda are 
generated on the catholyte side of the cell. 

Generally, such devices require pumps to circulate the anolyte and catholyte 
solutions respectively in the device. The presence of the pumps increases the 
capital and operating costs of the device and contributes to the possibility of 
breakdowns. 
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SUMMARY OF THE INVENTION 

According to the first aspect of the invention there is provided a method of 
generating a gas comprising the steps of: 

forming a solution in a reservoir; 

feeding the solution through an electrolysis cell so as to liberate a gas 
from the solution; 

heating the mixture of the solution and gas discharged from the cell 
causing it to circulate back to the reservoir by means of a thermosyphon 
effect; and 

passing the liberated gas and the solution through a gas separator to 
separate the gas from the solution prior to circulating the solution back 
to the reservoir. 

The solution is preferably strengthened in the reservoir before being returned to 
the cell. 

The gas generated by the method of the invention may be a halogen, and in 
particular, chlorine. 

In the preferred form of the invention, the step of liberating a gas from the 
solution includes the step of generating chlorine gas and depleted brine solution 
on an anolyte side of the electrolysis cell and hydrogen and caustic soda on a 
catholyte side of the electrolysis cell when a brine solution of water and sodium 
chloride is fed into the cell. In this regard, the step of forming a solution in a 
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reservoir may comprise feeding sodium chloride and water into a brine 
resaturater to produce a brine solution. 

Preferably, the caustic soda and the hydrogen are passed through a hydrogen 
separator to separate the hydrogen from the caustic soda. 

At least some of the caustic soda may be recirculated through the electrolysis 
cell. For this purpose, water may be added to the caustic soda to maintain the 
desired concentration and to compensate for discharge of concentrated caustic 
soda from the system. 

Conveniently, at least some of the caustic soda and the chlorine generated from 
the method of the invention are reacted to produce sodium hypochlorite. 

The heating of the mixture of the solution and gas may be effected by passing 
the mixture through a heating tube. 

The method of the invention may further include the step of sensing the liquid 
level in the reservoir and feeding additional water into the reservoir when the 
liquid level falls below a predetermined level. 

Conveniently, water is passed through a purification unit prior to being fed into 
the reservoir. 

According to a second aspect of the invention there is provided an apparatus for 
generating a gas comprising: 

a reservoir for containing a solution; 
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an electrolysis cell in fluid communication with the reservoir for 
liberating a gas from the solution when the solution is passed 
therethrough; 

means for heating the mixture of the solution and gas discharged from 
the cell causing it to circulate back to the reservoir by means of a 
thermosyphon effect; and 

a gas separator in fluid communication with the electrolysis cell and the 
reservoir for separating the liberated gas from the solution prior to 
circulating the solution back to the reservoir. 

The gas generated by the apparatus of the invention may be a halogen. 
Preferably, the halogen is chlorine. 

Conveniently, the reservoir is in the form of a brine resaturator for forming a 
brine solution from water and sodium chloride. 

Preferably, tlovv through the brine resaturator is in a downward direction. 

The gas separator may be a chlorine separator in fluid communication with an 
anolyte side of the electrolysis cell for separating liberated chlorine gas from a 
depleted brine solution of water and sodium chloride. 

Preferably, the device also includes an additional gas separator in fluid 
communication with a catholyte side of the electrolysis cell for separating 
liberated hydrogen from caustic soda, generated on the catholyte side of the 
cell. 
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The caustic soda outlet of the hydrogen separator may be in fluid 
communication with the catholyte side of the electrolysis cell to allow the 
caustic soda to be recirculated through the electrolysis cell. 

The apparatus of the invention may include means for flushing the apparatus 
when the level of impurities in the brine solution rises above a predetermined 
level. 

Conveniently, the device includes a water purification unit for purifying water 
prior to feeding the water into the brine resaturator. 



BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS 



Figure 1 



shows a flow chart of the method of the invention; 



Figure 2 



shows, . diagrammatically, a plan view of the gas generating 
apparatus of the invention; 



Figure 3 



shows, diagrammatically, a side view of the apparatus illustrated 
in Figure 2; 



Figure 4 



shows, diagrammatically, a front view of the apparatus 
illustrated in Figure 2; 



Figure 5 



shows a plan view, in partial cross-section, of one of the 
electrolysis cells of the apparatus illustrated in Figure 2; 



Figure 6 



shows a cross-sectional view of the electrolysis cell illustrated in 
Figure 5 along the line 6-6; and 
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Figure 7 shows a cross-sectional view of the electrolysis cell illustrated in 
Figure 6 along the line 7-7. 



DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 of the drawings shows a flow chart of one embodiment of the method 
of the invention. In this embodiment of the invention, a brine solution of 
sodium chloride and water is depleted in the production of chlorine gas, 
hydrogen gas. and caustic soda. 

With reference to Figure 1. water is fed into a reservoir in the form of a brine 
resaturator 10 via a water purification unit 12. The brine resaturator 10 has a 
salt bed (not shown) for receiving sodium chloride, and the purified water 
discharged from the water purification unit 12 is introduced into the brine 
resaturator. 

As the sodium chloride is dissolved in the water, a brine solution is formed in 
the brine resaturator. The brine solution flows from the brine resaturator to an 
electrolysis cell 14 where it enters the anolyte side of the electrolysis cell (the 
left hand side of the cell in Figure 1). As the brine solution passes through the 
electrolysis cell 14, chlorine gas is liberated from the solution on the anolyte 
side of the cell, while hydrogen gas is liberated and caustic soda generated on 
the catholyte side of the cell by sodium ions passing through an ion exchange 
membrane 15. 

The electrolysis cell 14 includes a plurality of baffles (not shown) which 
support the electrodes. 
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The liberated chlorine gas and the depleted brine solution discharged from the 
anolyte side of the electrolysis cell are directed through a heating tube 16 which 
increases the temperature of the fluid, thereby assisting the flow of the fluid by 
means of convection. 

Thereafter the chlorine gas and depleted brine solution are passed through a 
chlorine separator 18 for separating the chlorine gas from the brine solution. 
The chlorine separator 18 includes an outlet 20 for discharging the chlorine gas. 
The chlorine gas discharged from the separator IS is then discharged externally 
for consumption, while the depleted brine solution is recirculated back to the 
brine resaturator 10 for resaturation. 

The lower density of the brine/chlorine gas mixture and the convection caused 
by the increase in the fluid temperature together cause the fluids to circulate 
through the electrolysis cell and the chlorine separator, whilst depleted brine 
circulates downwards through the brine resaturator. 

On the catholyte side of the electrolysis cell fright hand side of the cell in 
Figure 1), the hydrogen gas and caustic soda are also discharged from the 
electrolysis cell, and pass through a heating tube 22 prior to entering a 
hydrogen separator 24. 

The hydrogen gas is discharged from the hydrogen separator 24 through a gas 
outlet 28 and the caustic soda solution is recirculated through the electrolysis 
cell 14, as shown. 

Purified water is continuously added to the caustic soda solution recirculating 
through the electrolysis cell in order to regulate the concentration of this 
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solution and the displaced caustic soda solution is directed into a storage vessel 
(not shown). 

Similarly to the flow of fluids through the anolyte side of the electrolysis cell, 
the flow of the fluid through the catholyte side of the electrolysis cell is 
achieved by a thermosyphon action. 

A reticfier 30 provides the electrolysis cell 14 with direct current. Since the 
production rate of the chlorine is directly proportional to the supply current, the 
current is regulated to provide for a consistent rate of chlorine production. 

Changes in the surface level of the liquid in the brine resaturator are sensed by a 
level sensor (not shown) which is electronically connected to the water feed. In 
this way, as the surface of the liquid in the brine resaturator falls below a 
predetermined level, additional water is automatically introduced into the brine 
resaturator. Salt is fed into the brine resaturator periodically to maintain a 
substantially constant concentration of brine solution within the brine 
resaturator 10. 

With reference now to Figures 2 to 7 of the drawings, a brine solution formed 
in a brine resaturator 36 is directed to the anolyte sides 49 of the electrolysis 
cells 38 and 40 through a conduit 42, as shown, and enters the electrolysis cells 
at lower regions thereof through inlet apertures 44. 

With particular reference to Figures 5 to 7, an anolyte side of each electrolysis 
cell includes four baffles 46 which support the anode relative to the membrane 
15. 
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The anolyte side 49 and the catholyte side 50 of each electrolysis cell are 
attached to one another by means of a series of bolts 52 which pass through a 
plurality of apertures 53 spaced around the periphery of the anolyte and the 
catholyte sides of the electrolysis cell. An ion exchange membrane 54 is 
sandwiched between the anolyte and the catholyte sides of the cell, as shown 
most clearly in Figure 5. 

Referring back to Figures 2 to 4, heating tubes 57 are connected to the outlet of 
the anolyte and the catholyte sides of each electrolysis cell, as illustrated. The 
heating tubes 57 increase the temperature of the fluids flowing therethrough and 
consequently assist in the flow of the fluids by means of convection, as 
mentioned above. 

The fluids exiting the anolyte side 49 of the cells 38 and 40 are directed through 
the heating tube 57 as they are conveyed to a chlorine separator 58 along a 
conduit 60. The chJorine gas is discharged from the chlorine separator by 
means of an outlet 20 to be consumed externally, while the depleted brine 
solution is returned to the brine resaturator 36 for resaturation. 

Similarly, caustic soda and hydrogen leaving the catholyte side 50 of the cells 
38 and 40 are directed to a hydrogen separator 64 via flexible tubes 56 and 
heater tube 57 through conduit 66, where the hydrogen is separated from the 
caustic soda. Hydrogen is vented to atmosphere via outlet 28, while a displaced 
portion of the caustic soda is fed into a storage tank 66 and the remaining 
portion of the caustic soda is recirculated through the electrolysis cells 38 and 
40 via a conduit 70. 

The electrolysis cells are powered by a direct current electrical power source 
(not shown), as mentioned above. In order to maintain a low consumption of 
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electricity, it is important to ensure that "blinding" of the membranes does not 
occur, and therefore that the brine and caustic soda that contact the membranes 
are relatively free of undesirable impurities. It is for this reason that purified 
water and salt are used to form the brine solution, and purified water is added to 
the caustic soda, when required. 

During tests on a prototype of the invention, a power consumption of 3.5 AC 
kWh per kilogram of chlorine was achieved. In the prototype, the anodes were 
Dimensionality Stable Anodes available from DeNora, the cathodes were 
stainless steel cathodes also available from DeNora, and the membranes were 
Nation 324 membranes produced by DuPont. 

To ensure that the unit shuts down safely and that no damage occurs, especially 
to the cells and the ion exchange membranes, an automatic sequence is 
activated on shut-down that purges the chlorinated brine from the anolyte 
circuit using fresh, purified water prior to the water and power supply being 
automatically turned off 

Furthermore, in order to prevent the cells from running dry and short circuiting, 
high temperature trips are installed on both the caustic soda and the brine 
solution outlets from the cells. In the event that the circulation rate of either of 
these circuits decreases substantially, the power supply is automatically turned 
off. Similarly, if the voltage across the cells exceeds a preset limit, the power 
supply is automatically turned off. The apparatus also includes a chlorine leak 
detector for automatically shutting down the apparatus in the event of a chlorine 
leak. 

The apparatus of the embodiment of the invention described above is relatively 
compact and can be used in a variety of locations. In this regard, the apparatus 
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can even be used in rural areas to provide chlorine for water purification on a 
relatively small scale in a safe and effective manner. In such a case a generator 
may be used to provide electrical power for the apparatus. In addition, sodium 
hypochlorite, which can be used as a bleaching agent, water disinfectant, 
fungicide, or laundering reagent, for example, can be produced by the same 
apparatus. 
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CLAIMS 

1 . A method of generating a gas comprising the steps of: 

forming a solution in a reservoir; 

feeding the solution through an electrolysis cell so as to liberate 
a gas from the solution; 

heating the mixture of the solution and gas discharged from the 
cell causing it to circulate back to the reservoir by means of a 
thermosyphon effect; and 

passing the liberated gas and the solution through a gas separator 
to separate the gas from the solution prior to circulating the 
solution back to the reservoir. 

2. A method according to claim L wherein the solution is strengthened in 
the reservoir before being returned to the cell. 

3. A method according to claim 1 or claim 2, wherein the gas generated by 
the method is a halogen. 

4. A method according to claim 3, wherein the halogen is chlorine. 

5. A method according to any one of the preceding claims, wherein the 
step of liberating a gas from the solution includes the step of generating 
chlorine gas and depleted brine solution on an anolyte side of the 
electrolysis cell and hydrogen and caustic soda on a catholyte side of the 
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electrolysis cell when a brine solution of water and sodium chloride is 
fed into the cell. 



6. A method according to claim 5, wherein the step of forming a solution 
in a reservoir comprises feeding sodium chloride and water into a brine 
resarurator to produce a brine solution. 



7. A method according to claim 5 or claim 6, wherein the caustic soda and 
the hydrogen are passed through a hydrogen separator to separate the 
hydrogen from the caustic soda. 



8. A method according to claim 7, wherein at least a portion of the caustic 
soda is recirculated through the electrolysis cell. 

9. A method according to claim 8, wherein water is added to the caustic 
soda to maintain the desired concentration and to compensate for 
discharge of concentrated caustic soda from the system. 

10. A method according to claim 7, wherein at least a portion of the caustic 
soda and the chlorine generated from the method of the invention are 
reacted to produce sodium hypochlorite. 



11. A method according to any one of the preceding claims, wherein the 
mixture of the solution and gas is heated by passing the mixture through 
a heating tube. 

12. A method according to any one of the preceding claims, including the 
step of sensing the liquid level in the reservoir and feeding additional 
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water into the reservoir when the liquid level falls below a 
predetermined level. 

13. A method according to claim 12, wherein the water is passed through a 
purification unit prior to being fed into the reservoir. 

14. An apparatus for generating a gas comprising: 

a reservoir for containing a solution; 

an electrolysis cell in fluid communication with the reservoir for 
liberating a gas from the solution when the solution is passed 
therethrough; 

means for heating the mixture of the solution and gas discharged 
from the cell causing it to circulate back to the reservoir by 
means of a thermosyphon effect; and 

a gas separator in fluid communication with the electrolysis cell 
and the reservoir for separating the liberated gas from the 
solution prior to circulating the solution back to the reservoir. 

15. An apparatus according to claim 14, wherein the gas generated by the 
apparatus is a halogen. 

16. An apparatus according to claim 15, wherein the halogen is chlorine. 
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17. An apparatus according to any one of claims 14 to 16, wherein the 
reservoir is in the form of a brine resaturator for forming a brine 
solution from water and sodium chloride. 

18. An apparatus according to any one of claims 14 to 17, wherein the gas 
separator is a chlorine separator in fluid communication with an anolyte 
side of the electrolysis cell for separating liberated chlorine gas from a 
depleted brine solution of water and sodium chloride. 

19. An apparatus according to any one of claims 14 to 18, including a 
hydrogen gas separator in fluid communication with a catholyte side of 
the electrolysis cell for separating liberated hydrogen from caustic soda, 
generated on the catholyte side of the cell. 

20. An apparatus according to claim 19, wherein a caustic soda outlet of the 
hydrogen separator is in fluid communication with the catholyte side of 
the electrolysis cell to allow the caustic soda to be recirculated through 
the electrolysis cell. 

21. An apparatus according to any one of claims 14 to 20, including means 
for flushing the apparatus when the level of impurities in the brine 
solution rises above a predetermined level. 

22. An apparatus according to claim 21, including a water purification unit 
for purifying water prior to feeding the water into the brine resaturator. 

23. A method according to claim 1 substantially as herein described with 
reference to the accompanying drawings. 
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24. An apparatus according to claim 14 substantially as herein described 
with reference to the accompanying drawings. 
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